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(57) ABSTRACT

An image forming apparatus includes: an expansion/contrac-
tion ratio calculation unit that calculates a value of a ratio of
expansion or contraction of a printing medium at a time of
printing a second surface as compared with a time of printing
a first surface; a storage control unit that causes an NVRAM
to hold the calculated value of the ratio of expansion or
contraction; and a magnification correcting unit that corrects
magnification of an image on the second surface using a
newly calculated value of the ratio when a difference between
the newly calculated value and a value that has been held by
the NVRAM until the new value is calculated is within a
predetermined range, and corrects the magnification of the
image on the second surface using a value closer to 0 than the
newly calculated value when the difference exceeds the pre-
determined range.

8 Claims, 7 Drawing Sheets
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FIG.2

FIG.3

PRINTING MEDIUM
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IMAGE FORMING APPARATUS, METHOD
OF CORRECTING IMAGE MAGNIFICATION,
AND COMPUTER-READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2014-127481 filed in Japan on Jun. 20, 2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus, a method of correcting image magnification, and a com-
puter-readable recording medium.

2. Description of the Related Art

When an image forming apparatus performs double-side
printing on a printing medium, the printing medium is
expanded or contracted due to influence of heat given at the
time of printing a first surface (front surface). Therefore, the
size of the printing medium may be slightly changed at the
time of printing a second surface (back surface) as compared
with the size at the time of printing the first surface. Such a
change in size of the printing medium is a factor of misreg-
istration of the front and the back of printed matter generated
through double-side printing. Due to this, a method is known
for detecting each size of the printing medium before the first
surface is printed and before the second surface is printed to
calculate a ratio of expansion or contraction, and correcting
magnification of an image to be printed on the second surface
corresponding to the ratio of expansion or contraction (for
example, refer to Japanese Laid-open Patent Publication No.
2007-72094, Japanese Laid-open Patent Publication No.
2007-79262, and Japanese Laid-open Patent Publication No.
2009-42461).

The ratio of expansion or contraction of the printing
medium mainly depends on a type of the printing medium and
a temperature of the image forming apparatus that varies
corresponding to elapsed time from the start of printing. Also
known is a method of setting a representative value of the ratio
of'expansion or contraction that is estimated corresponding to
the type of the printing medium as an initial value in a storage
unit in advance, and correcting the magnification using the
latest value of the ratio of expansion or contraction held by the
storage unit while updating the storage unit with the value of
the ratio of expansion or contraction that is calculated as
needed in printing. In this example, when a difference
between a newly calculated value of the ratio of expansion or
contraction and a value held by the storage unit exceeds a
predetermined range, the storage unit is not updated and the
newly calculated value of the ratio of expansion or contrac-
tion is discarded. This is because the size of the printing
medium is considered not to be correctly detected according
to the fact that the newly calculated value of the ratio of
expansion or contraction varies largely from the previous
values, so that reliability of the calculated value of the ratio of
expansion or contraction is low. When the magnification is
corrected using the largely varied value of the ratio of expan-
sion or contraction, variation in size of the image is noticeable
among printing media that are successively printed, which
should be prevented.

In the above method of correcting the magnification cor-
responding to the latest ratio of expansion or contraction held
by the storage unit, the magnification can be appropriately
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corrected following a change in temperature of the image
forming apparatus so long as a representative value of the
ratio of expansion or contraction that is estimated depending
on atype of the printing medium is set as an initial value in the
storage unit first. The representative value of the ratio of
expansion or contraction set as the initial value needs to be
obtained by performing double-side printing in advance
under the same condition as in actual printing and measuring
the size of the printing medium. The operation of obtaining
the representative value of the ratio of expansion or contrac-
tion in advance is complicated. In particular, a large number
of'types of printing media are provided in recent years, so that
it is very complicated to obtain respective representative val-
ues of the ratio of expansion or contraction for all types of
printing media in advance.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to the present invention, there is provided an
image forming apparatus that performs double-side printing,
the image forming apparatus comprising: an expansion/con-
traction ratio calculation unit that calculates a value of a ratio
of'expansion or contraction of a printing medium at a time of
printing a second surface as compared with a time of printing
a first surface; a storage control unit that causes a storage unit
to hold the calculated value of the ratio of expansion or
contraction while updating the value every time a new value
is calculated; and a magnification correcting unit that corrects
magnification of an image to be printed on the second surface
using a newly calculated value of the ratio of expansion or
contraction when a difference between the newly calculated
value of the ratio of expansion or contraction and a value that
has been held by the storage unit until the new value is
calculated is within a predetermined range, and corrects the
magnification of the image to be printed on the second surface
using a value closer to 0 than the newly calculated value of the
ratio of expansion or contraction when the difference exceeds
the predetermined range.

The present invention also provides a method of correcting
image magnification performed by an image forming appa-
ratus that performs double-side printing, the method compris-
ing: calculating, by an expansion/contraction ratio calcula-
tion unit, a value of a ratio of expansion or contraction of a
printing medium at a time of printing a second surface as
compared with a time of printing a first surface; causing, by a
storage control unit, a storage unit to hold the calculated value
of the ratio of expansion or contraction while updating the
value every time a new value is calculated; and correcting, by
a magnification correcting unit, magnification of an image to
be printed on the second surface using a newly calculated
value of the ratio of expansion or contraction when a differ-
ence between the newly calculated value of the ratio of expan-
sion or contraction and a value that has been held by the
storage unit until the new value is calculated is within a
predetermined range, and correcting the magnification of the
image to be printed on the second surface using a value closer
to 0 than the newly calculated value of the ratio of expansion
or contraction when the difference exceeds the predetermined
range.

The present invention also provides a non-transitory com-
puter-readable recording medium that contains a computer
program for causing an image forming apparatus that per-
forms double-side printing to implement: a function of an
expansion/contraction ratio calculation unit that calculates a
value of a ratio of expansion or contraction of a printing
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medium at a time of printing a second surface as compared
with a time of printing a first surface; a function of a storage
control unit that causes a storage unit to hold the calculated
value of the ratio of expansion or contraction while updating
the value every time a new value is calculated; and a function
of'a magnification correcting unit that corrects magnification
of'an image to be printed on the second surface using a newly
calculated value of'the ratio of expansion or contraction when
a difference between the newly calculated value of the ratio of
expansion or contraction and a value that has been held by the
storage unit until the new value is calculated is within a
predetermined range, and corrects the magnification of the
image to be printed on the second surface using a value closer
to 0 than the newly calculated value of the ratio of expansion
or contraction when the difference exceeds the predetermined
range.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an exemplary mechanical
configuration of an image forming apparatus according to an
embodiment of the present invention;

FIG. 2 is a diagram for explaining a mechanism for detect-
ing a size of a printing medium;

FIG. 3 is a diagram illustrating a state in which a contact
image sensor (CIS) detects the size of the printing medium in
a main scanning direction;

FIG. 4 is a block diagram illustrating an exemplary hard-
ware configuration of a control system of the image forming
apparatus;

FIG. 5 is a block diagram illustrating an exemplary func-
tional configuration related to magnification correction;

FIG. 6 is a diagram for explaining a relation between a ratio
of expansion or contraction of the printing medium in a sub-
scanning direction and magnification correction;

FIG. 7 is a diagram for explaining a relation between the
ratio of expansion or contraction of the printing medium in
the main scanning direction and magnification correction;

FIG. 8 is a flowchart illustrating an example of a processing
procedure related to magnification correction;

FIG. 9 is a flowchart illustrating an example of the process-
ing procedure related to magnification correction according
to a second embodiment of the present invention; and

FIG. 10 is a diagram for explaining processing in a storage
control unit and a magnification correcting unit according to
a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following describes in detail an image forming appa-
ratus, a method of correcting image magnification, and a
non-transitory computer-readable recording medium con-
taining a computer program according to an embodiment of
the present invention with reference to the attached drawings.
In the following embodiments, as an example of an image
forming apparatus to which the present invention is applied,
exemplified is a tandem image forming apparatus that forms
full-color image using an electrophotographic system. How-
ever, an applicable image forming apparatus is not limited
thereto.

25

30

35

40

45

55

4

First Embodiment

FIG. 1 is a diagram illustrating an exemplary mechanical
configuration of an image forming apparatus 1 according to a
first embodiment of the present invention. As illustrated in
FIG. 1, the image forming apparatus 1 includes four image
formation units 2 corresponding to respective colors of Y
(vellow), M (magenta), C (cyan), and Bk (black). Internal
structures of the four image formation units 2 are the same
except that colors of toner images to be formed therein are
different from each other. The four image formation units 2
are arranged along an intermediate transfer belt 3 serving as
an intermediate transfer body.

The intermediate transfer belt 3 is configured as an endless
belt that is driven by a driving roller 4 to be circulated in the
direction of arrow A in FIG. 1. The four image formation units
2 are arranged in order of Y, M, C, and Bk, for example, from
an upstream side toward a downstream side of a moving
direction of the intermediate transfer belt 3. An exposure unit
5 is arranged on a side opposite to the intermediate transfer
belt 3 of the four image formation units 2.

The image formation unit 2 includes a photoconductor
drum 6 that rotates in the direction of arrow B at a constant
peripheral speed. A charging device, a developing device, a
static eliminator, a cleaner, and the like are arranged around
the photoconductor drum 6. A primary transfer roller 7 is
arranged at a position opposed to the photoconductor drum 6
with the intermediate transfer belt 3 interposed therebetween.

To form an image, an outer peripheral surface of the pho-
toconductor drum 6 is uniformly charged by the charging
device in the dark, and exposed with writing light from the
exposure unit 5 that is modulated corresponding to image
data. Accordingly, an electrostatic latent image correspond-
ing to the image data is formed on the photoconductor drum
6. The electrostatic latent image is developed by the develop-
ing device, and a toner image is formed on the photoconduc-
tor drum 6. The toner image is transferred onto the interme-
diate transfer belt 3 by the action of the primary transfer roller
7 at a primary transfer position where the photoconductor
drum 6 is in contact with the intermediate transfer belt 3. In
the photoconductor drum 6 after the toner image is trans-
ferred, unnecessary toner remaining on the outer peripheral
surface is wiped out by the cleaner, and static electricity is
eliminated by the static eliminator.

In the image forming apparatus 1 according to the first
embodiment, the operations described above are sequentially
performed in the respective image formation units 2 of Y, M,
C, and Bk corresponding to circulation of the intermediate
transfer belt 3 to form a full-color toner image, which is
obtained by overlapping four colors, on the intermediate
transfer belt 3.

The image forming apparatus 1 includes a sheet feeding
table 8 for feeding a printing medium, a conveyance path 9 for
conveying the printing medium (a path indicated by the
dashed line in FIG. 1), and a fixing device 10 for fixing the
toner image to the printing medium.

The sheet feeding table 8 selectively rotates a sheet feeding
roller 11 to send out the printing media one by one from one
of a plurality of trays storing the printing media. The printing
medium is conveyed by a conveyance roller 12 in the direc-
tion of arrow C in FIG. 1 along the conveyance path 9, and
abuts on a registration roller 14 to be in a standby state before
a secondary transfer position at which a secondary transfer
roller 13 is arranged. The printing medium in a standby state
is then conveyed to the secondary transfer position by the
rotation of the registration roller 14 at the same timing when
the full-color toner image formed on the intermediate transfer
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belt 3 reaches the secondary transfer position. The full-color
toner image on the intermediate transfer belt 3 is then trans-
ferred onto the printing medium by the action of the second-
ary transfer roller 13.

The printing medium onto which the toner image is trans-
ferred is conveyed to the fixing device 10 by a conveyance belt
15 arranged in the conveyance path 9. The toner image is fixed
to the printing medium conveyed to the fixing device 10 due
to heat and pressure applied by the fixing device 10.

In a case of single-side printing, the printing medium to
which the toner image is fixed on the first surface thereof by
the fixing device 10 is ejected to an ejection tray 17 by an
ejection roller 16. In performing reverse paper ejection or
double-side printing, the printing medium to which the toner
image is fixed on the first surface thereof by the fixing device
10 passes through a reverse path in the conveyance path 9 and
is once pulled in by areverse roller 18. When the reverse roller
18 rotates reversely, the printing medium is sent out in a
reversed state. In a case of reverse paper ejection, the reversed
printing medium is ejected to the ejection tray 17 by the
ejection roller 16. In a case of double-side printing, the
reversed printing medium passes through a cyclic path in the
conveyance path 9 to be conveyed to a position where the
printing medium abuts on the registration roller 14. Thereaf-
ter, the toner image is transferred and fixed to the second
surface of the printing medium through a similar procedure,
and the printing medium is ejected to the ejection tray 17 by
the ejection roller 16.

In acase of performing double-side printing on the printing
medium, the printing medium is expanded or contracted due
to the influence of heat and the like applied by the fixing
device 10 to fix the toner image to the first surface, so that the
size of the printing medium is different between a time of
printing the first surface and a time of printing the second
surface. Accordingly, the image forming apparatus 1 accord-
ing to the first embodiment has a function of detecting each
size of the printing medium before printing the first surface
and before printing the second surface to calculate the ratio of
expansion or contraction, and correcting magnification of the
image to be printed on the second surface depending on the
ratio of expansion or contraction.

FIG. 2 is a diagram for explaining a mechanism for detect-
ing the size of the printing medium. As illustrated in FIG. 2, in
the image forming apparatus 1 according to the first embodi-
ment, a medium sensor 21 for detecting an end of the printing
medium in a sub-scanning direction (length direction) corre-
sponding to the conveying direction is arranged at a position
near the registration roller 14 and downstream from the reg-
istration roller 14 in the conveyance path 9. An encoder 22 for
measuring a rotation amount of the registration roller 14 is
connected to the registration roller 14. A contactimage sensor
(CIS) 23 for detecting the size of the printing medium in a
main scanning direction (width direction) corresponding to a
direction orthogonal to the conveying direction is arranged
upstream of the registration roller 14 in the conveyance path
9.

For example, the size of the printing medium in the sub-
scanning direction can be obtained from the rotation amount
of the registration roller 14 measured by the encoder 22 in a
period of time from when a front end of the printing medium
conveyed to the secondary transfer position by the rotation of
the registration roller 14 is detected by the medium sensor 21
until the rear end thereofis detected. The method of detecting
the size of the printing medium in the sub-scanning direction
is described in detail in Japanese Laid-open Patent Publica-
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tion No. 2013-107774, for example, and can be utilized for
the image forming apparatus 1 according to the first embodi-
ment.

The size of the printing medium in the main scanning
direction can be obtained by detecting positions of both ends
of' the printing medium in the main scanning direction by the
CIS 23, and converting a difference between the positions of
both ends to a distance. FIG. 3 is a diagram illustrating a state
in which the CIS 23 detects the size of the printing medium in
the main scanning direction, viewed in a direction perpen-
dicular to a sheet surface of the printing medium. As illus-
trated in FIG. 3, for example, two CISs 23 are arranged at a
predetermined distance in a direction orthogonal to the con-
veying direction (C direction in FIG. 3) of the printing
medium. The configuration is such that one of the CISs 23
detects a position of one end of the printing medium in the
main scanning direction, and the other one of the CISs 23
detects a position of the other end of the printing medium in
the main scanning direction. An arrangement position and the
size of the two CISs 23 are determined to be adaptable to the
printing media of all sizes supported by the image forming
apparatus 1. The size of the printing medium in the main
scanning direction can be obtained by converting a difference
between the positions detected by the two CISs 23 to a dis-
tance. In the example of FIG. 3, the two CISs 23 detect the
positions of both ends of the printing medium in the main
scanning direction.

Alternatively, of course, the positions of both ends of the
printing medium in the main scanning direction may be
detected by a long-length CIS 23 arranged along a direction
orthogonal to the conveying direction of the printing medium.

FIG. 4 is a block diagram illustrating an exemplary hard-
ware configuration of a control system of the image forming
apparatus 1 according to the first embodiment. The image
forming apparatus 1 according to the first embodiment
includes, as illustrated in FIG. 4, a CPU 101, a RAM 102, a
ROM 103, an NVRAM 104, an engine control unit 105, an
external I/F 106, and a sensor I/F 107, which are connected to
each other via a system bus 108. The sensor I/F 107 is con-
nected to the medium sensor 21, the encoder 22, and the CIS
23.

The CPU 101 utilizes the RAM 102 as a main memory, a
work area, and the like, and reads out and executes a computer
program stored in the ROM 103, for example, to integrally
control various operations in the image forming apparatus 1.
For example, the CPU 101 performs control such as receiving
image data from an external device (not illustrated) such as a
host computer via the external I/F 106, and instructing for-
mation of an image by passing the image data to the engine
control unit 105. The CPU 101 can fetch necessary informa-
tion from each of the medium sensor 21, the encoder 22, and
the CIS 23 via the sensor I/F 107.

The NVRAM 104 is a non-volatile storage unit, and stores
various pieces of information utilized by the computer pro-
gram. Specifically, in the first embodiment, the NVRAM 104
has a function of updating and holding a value of the ratio of
expansion or contraction described later.

The engine control unit 105 controls the operation of each
component described above (refer to FIG. 1) related to image
formation according to the instruction from the CPU 101, and
forms an image corresponding to the image data on the print-
ing medium.

In the image forming apparatus 1 according to the first
embodiment, for example, the ROM 103 stores a computer
program for correcting magnification of an image to be
printed on the second surface in the double-side printing
described above. When the CPU 101 reads out and executes
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the computer program, a functional configuration as illus-
trated in FIG. 5 is made in the image forming apparatus 1.

FIG. 5 is a block diagram illustrating an exemplary func-
tional configuration made in the image forming apparatus 1
when the CPU 101 executes the computer program. In the
image forming apparatus 1, as illustrated in FIG. 5, functional
components related to magnification correction are made
such as an expansion/contraction ratio calculation unit 110, a
storage control unit 120, and a magnification correcting unit
130.

Based on the information fetched from each of the medium
sensor 21, the encoder 22, and the CIS 23, the expansion/
contraction ratio calculation unit 110 performs processing for
calculating the value of the ratio of expansion or contraction
of the printing medium at the time of printing the second
surface as compared with the time of printing the first surface.

The ratio of expansion or contraction of the printing
medium is an indicator that represents a degree of expansion
or contraction of the printing medium at the time of printing
the second surface as compared with the time of printing the
first surface depending on a type of the printing medium or a
temperature of the image forming apparatus 1 at that point.
The ratio of expansion or contraction is obtained such that a
difference between the size of the printing medium detected
before the toner image is transferred and fixed to the first
surface and the size of the printing medium detected before
the toner image is transferred and fixed to the second surface
is divided by the size of the printing medium detected before
the toner image is transferred and fixed to the first surface, for
example.

The expansion/contraction ratio calculation unit 110
according to the first embodiment calculates, as the value of
the ratio of expansion or contraction at that point, an average
value (moving average) of the ratio of expansion or contrac-
tion of a predetermined number of (for example, four) print-
ing media that are successively conveyed, not the ratio of
expansion or contraction of only one printing medium. That
is, when the ratio of expansion or contraction of a certain
printing medium (hereinafter, referred to as an individual
ratio of expansion or contraction) is individually obtained, the
expansion/contraction ratio calculation unit 110 calculates,
as the value of the ratio of expansion or contraction at that
point, the average value of the individual ratio of expansion or
contraction of the printing medium and each individual ratio
of expansion or contraction obtained for each of three pieces
of printed matter preceding the printing medium, for
example. The expansion/contraction ratio calculation unit
110 calculates the value of the ratio of expansion or contrac-
tion as described above for each of the sub-scanning direction
as the conveying direction of the printing medium and the
main scanning direction as the direction orthogonal to the
conveying direction of the printing medium.

The storage control unit 120 performs processing for
updating the value of the ratio of expansion or contraction
calculated by the expansion/contraction ratio calculation unit
110 every time a new value is calculated, and causing the
NVRAM 104 to hold the value. Although the NVRAM 104 is
used as the storage unit that holds the value of the ratio of
expansion or contraction calculated by the expansion/con-
traction ratio calculation unit 110 in the first embodiment,
another memory device may be used. Note that a non-volatile
memory device is preferably used to be able to hold the value
of the ratio of expansion or contraction even when power
supply is interrupted.

The magnification correcting unit 130 corrects the magni-
fication of the image to be printed on the second surface of the
printing medium at the point corresponding to whether or not
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a difference between the value of the ratio of expansion or
contraction newly calculated by the expansion/contraction
ratio calculation unit 110 and the value that has been held by
the NVRAM 104 until the new value is calculated is within a
predetermined range. That is, when the expansion/contrac-
tion ratio calculation unit 110 newly calculates the value of
the ratio of expansion or contraction, the magnification cor-
recting unit 130 reads out the value held by the NVRAM 104
at that point. The magnification correcting unit 130 then
obtains a difference between the newly calculated value of the
ratio of expansion or contraction and the value of the ratio of
expansion or contraction read out from the NVRAM 104, and
determines whether or not the difference is within the prede-
termined range. If the difference is within the predetermined
range, the magnification correcting unit 130 corrects the mag-
nification of the image to be printed on the second surface of
the printing medium at that point by using the value of the
ratio of expansion or contraction newly calculated by the
expansion/contraction ratio calculation unit 110. On the other
hand, if the difference exceeds the predetermined range, the
magnification correcting unit 130 corrects the magnification
of'the image to be printed on the second surface of the printing
medium at that point by using a value closer to 0 (an absolute
value that is smaller) than the value of the ratio of expansion
or contraction newly calculated by the expansion/contraction
ratio calculation unit 110, for example, a half value of the
newly calculated value of the ratio of expansion or contrac-
tion.

In the related art, as described above, if the difference
between the newly calculated value of the ratio of expansion
or contraction and the value held by the storage unit exceeds
the predetermined range, the newly calculated value of the
ratio of expansion or contraction is discarded, and the mag-
nification is corrected by using the value held by the storage
unit. Dueto this, in the related art, a representative value of the
ratio of expansion or contraction that is estimated corre-
sponding to the type of the printing medium needs to be set in
advance as an initial value in the storage unit. That is, in the
related art, when the processing is started in a state where the
initial value is not set in the storage unit (in a state where the
value held by the storage unit is 0), the difference between the
calculated value of the ratio of expansion or contraction and
the value held by the storage unit exceeds the predetermined
range, so that the calculated value of the ratio of expansion or
contraction will be continuously discarded and the magnifi-
cation of the image to be printed on the second surface of the
printing medium cannot be corrected.

In contrast, in the first embodiment, even if the difference
exceeds the predetermined range, the newly calculated value
of the ratio of expansion or contraction is held by the
NVRAM 104, and the magnification of the image to be
printed on the second surface of the printing medium is cor-
rected by using a value closer to O than the newly calculated
value of the ratio of expansion or contraction (for example, a
half value thereof). Accordingly, in the first embodiment, the
magnification of the image to be printed on the second surface
of the printing medium can be appropriately corrected with-
out setting the initial value in the NVRAM 104 in advance.
Additionally, when the difference exceeds the predetermined
range, the magnification is corrected by using a value closer to
0 than the newly calculated value of the ratio of expansion or
contraction (for example, a half value thereof), so that the size
of the image the magnification of which is corrected gradu-
ally comes close to a target size, which effectively prevents
the problem that variation in image size is noticeable among
the printing media that are successively printed.



US 9,426,311 B2

9

The magnification correction of the image using the value
of the ratio of expansion or contraction is processing of
adjusting the size of the electrostatic latent image (an irradia-
tion range of the writing light) on the photoconductor drum 6
formed when the exposure unit 5 illustrated in FIG. 1 emits
the writing light corresponding to the value of the ratio of
expansion or contraction. That is, when the value of the ratio
of expansion or contraction is positive, interpolation dots are
discretely added to the irradiation range of the writing light
corresponding to the image data so that the size of the elec-
trostatic latent image is increased by an expansion amount of
the printing medium. When the value of the ratio of expansion
or contraction is negative, dots are discretely thinned from the
irradiation range of the writing light corresponding to the
image data so that the size of the electrostatic latent image is
reduced by a contraction amount of the printing medium. At
the time of printing the second surface in double-side print-
ing, the printing medium is normally contracted, so that pro-
cessing of discretely thinning dots is mainly performed. Such
processing is carried out by the engine control unit 105 (refer
to FIG. 4) that controls the operation of the exposure unit 5 in
response to a command from the magnification correcting
unit 130. The magnification correction of the image using the
value of the ratio of expansion or contraction is not performed
on the image to be printed on the second surface of the
printing medium the size of which is detected in calculating
the value of the ratio of expansion or contraction, and is
performed on an image to be exposed after the value of the
ratio of expansion or contraction is calculated (for example,
an image to be printed on the second surface of any of the fifth
to the eighth printing media). As described above, the mag-
nification correction of the image using the value of the ratio
of expansion or contraction is different from image process-
ing that processes the image data itself (image scaling pro-
cessing).

With reference to FIGS. 6 and 7, the following describes a
specific example of processing related to the magnification
correction according to the first embodiment by exemplifying
specific numerical values. Although the calculation of the
value of the ratio of expansion or contraction and the magni-
fication correction in the sub-scanning direction of the print-
ing medium are carried out at the same time as the calculation
of the value of the ratio of expansion or contraction and the
magnification correction in the main scanning direction of the
printing medium, the following describes the processing in
the sub-scanning direction and the processing in the main
scanning direction separately for convenience. In the follow-
ing description, a predetermined range used in determining
the difference is assumed to be +0.05 for both of the sub-
scanning direction and the main scanning direction. This
value is empirically obtained according to a purpose of the
first embodiment, but is not limited thereto. In the following
description, the value of the ratio of expansion or contraction
of the printing medium calculated by the expansion/contrac-
tion ratio calculation unit 110 is assumed to be a moving
average of individual ratios of expansion or contraction of
four printing media, but is not limited thereto.

First, the following describes the processing in the sub-
scanning direction of the printing medium with reference to
FIG. 6. FIG. 6 is a diagram for explaining a relation between
the ratio of expansion or contraction of the printing medium
in the sub-scanning direction and the magnification correc-
tion.

As illustrated in FIG. 6, individual ratios of expansion or
contraction in the sub-scanning direction calculated for the
first to the seventh printing media are assumed to be —0.0962,
-0.1634, -0.1250, -0.1009, -0.1297, -0.1009, and —-0.1250,
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respectively. The expansion/contraction ratio calculation unit
110 calculates the moving average of the individual ratios of
expansion or contraction of four printing media, so that the
magnification of the image is not corrected until the indi-
vidual ratio of expansion or contraction of the fourth printing
medium is obtained, and the value held by the NVRAM 104
is 0.

When the individual ratio of expansion or contraction in
the sub-scanning direction of the fourth printing medium is
obtained, the expansion/contraction ratio calculation unit 110
calculates an average value of the individual ratios of expan-
sion or contraction of the first to the fourth printing media as
a value of the ratio of expansion or contraction in the sub-
scanning direction of the printing medium at this point. In this
case, a value of —0.1214 is calculated. This value is stored in
the NVRAM 104 by the storage control unit 120, and held by
the NVRAM 104 until the next value is calculated. The mag-
nification correcting unit 130 determines whether or not a
difference between the value of —0.1214 calculated by the
expansion/contraction ratio calculation unit 110 and the value
of'0 that has been held by the NVRAM 104 until the value of
-0.1214 is calculated is within the predetermined range. In
this case, the difference is —0.1214, which exceeds the pre-
determined range of £0.05, so that the magnification correct-
ing unit 130 uses a value of —0.0607, which is a half value of
the value of -0.1214 calculated by the expansion/contraction
ratio calculation unit 110, to correct the magnification in the
sub-scanning direction of the image to be printed on the
second surface of the printing medium.

Next, when the individual ratio of expansion or contraction
in the sub-scanning direction of the fifth printing medium is
obtained, the expansion/contraction ratio calculation unit 110
calculates an average value of the individual ratios of expan-
sion or contraction of the second to fifth printing media as the
value of the ratio of expansion or contraction in the sub-
scanning direction of the printing medium at this point. In this
case, a value of —0.1298 is calculated. This value is stored in
the NVRAM 104 by the storage control unit 120, and held by
the NVRAM 104 until the next value is calculated. The mag-
nification correcting unit 130 determines whether or not a
difference between the value of —0.1298 calculated by the
expansion/contraction ratio calculation unit 110 and the value
of' -0.1214 that has been held by the NVRAM 104 until the
value of -0.1298 is calculated is within the predetermined
range. In this case, the difference is -0.0084, which is within
the predetermined range of +0.05, so that the magnification
correcting unit 130 uses the value of —0.1298 calculated by
the expansion/contraction ratio calculation unit 110 to correct
the magnification in the sub-scanning direction of the image
to be printed on the second surface of the printing medium.

Next, when the individual ratio of expansion or contraction
in the sub-scanning direction of the sixth printing medium is
obtained, the expansion/contraction ratio calculation unit 110
calculates an average value of the individual ratios of expan-
sion or contraction of the third to sixth printing media as the
value of the ratio of expansion or contraction in the sub-
scanning direction of the printing medium at this point. In this
case, a value of —0.1141 is calculated. This value is stored in
the NVRAM 104 by the storage control unit 120, and held by
the NVRAM 104 until the next value is calculated. The mag-
nification correcting unit 130 determines whether or not a
difference between the value of —0.1141 calculated by the
expansion/contraction ratio calculation unit 110 and the value
of -0.1298 that has been held by the NVRAM 104 until the
value of -0.1141 is calculated is within the predetermined
range. In this case, the difference is +0.0157, which is within
the predetermined range of +0.05, so that the magnification
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correcting unit 130 uses the value of —0.1141 calculated by
the expansion/contraction ratio calculation unit 110 to correct
the magnification in the sub-scanning direction of the image
to be printed on the second surface of the printing medium.

Next, when the individual ratio of expansion or contraction
in the sub-scanning direction of the seventh printing medium
is obtained, the expansion/contraction ratio calculation unit
110 calculates an average value of the individual ratios of
expansion or contraction of the fourth to seventh printing
media as the value of the ratio of expansion or contraction in
the sub-scanning direction of the printing medium at this
point. In this case, a value of -0.1141 is calculated. This value
is stored in the NVRAM 104 by the storage control unit 120,
and held by the NVRAM 104 until the next value is calcu-
lated. The magnification correcting unit 130 determines
whether or not a difference between the value of -0.1141
calculated by the expansion/contraction ratio calculation unit
110 and the value of —0.1141 that has been held by the
NVRAM 104 until the value of —0.1141 is calculated is within
the predetermined range. In this case, the difference is O,
which is within the predetermined range of £0.05, so that the
magnification correcting unit 130 uses the value of -0.1141
calculated by the expansion/contraction ratio calculation unit
110 to correct the magnification in the sub-scanning direction
of'the image to be printed on the second surface of the printing
medium.

Thereafter, every time the individual ratio of expansion or
contraction in the sub-scanning direction is obtained for each
of subsequent printing media, the same processing will be
repeated.

Next, the following describes processing in the main scan-
ning direction of the printing medium with reference to FIG.
7. FIG. 7 is a diagram for explaining a relation between the
ratio of expansion or contraction of the printing medium in
the main scanning direction and the magnification correction.

As illustrated in FIG. 7, individual ratios of expansion or
contraction in the main scanning direction calculated for the
first to the seventh printing media are assumed to be -0.1518,
-0.1519, -0.1140, -0.1519, -0.1234, —0.1423, and -0.1234,
respectively. The expansion/contraction ratio calculation unit
110 calculates the moving average of the individual ratios of
expansion or contraction of four printing media, so that the
magnification of the image is not corrected until the indi-
vidual ratio of expansion or contraction of the fourth printing
medium is obtained, and the value held by the NVRAM 104
is 0.

When the individual ratio of expansion or contraction in
the main scanning direction of the fourth printing medium is
obtained, the expansion/contraction ratio calculation unit 110
calculates an average value of the individual ratios of expan-
sion or contraction of the first to the fourth printing media as
the value of the ratio of expansion or contraction in the main
scanning direction of the printing medium at this point. In this
case, a value of —0.1424 is calculated. This value is stored in
the NVRAM 104 by the storage control unit 120, and held by
the NVRAM 104 until the next value is calculated. The mag-
nification correcting unit 130 determines whether or not a
difference between the value of —0.1424 calculated by the
expansion/contraction ratio calculation unit 110 and the value
ot 0 that has been held by the NVRAM 104 until the value of
-0.1424 is calculated is within the predetermined range. In
this case, the difference is —0.1424, which exceeds the pre-
determined range of £0.05, so that the magnification correct-
ing unit 130 uses a value of —0.0712, which is a half value of
the value of -0.1424 calculated by the expansion/contraction
ratio calculation unit 110, to correct the magnification in the

25

30

40

45

50

55

12

main scanning direction of the image to be printed on the
second surface of the printing medium.

Next, when the individual ratio of expansion or contraction
in the main scanning direction of the fifth printing medium is
obtained, the expansion/contraction ratio calculation unit 110
calculates an average value of the individual ratios of expan-
sion or contraction of the second to fifth printing media as the
value of the ratio of expansion or contraction in the main
scanning direction of the printing medium at this point. In this
case, a value of —0.1353 is calculated. This value is stored in
the NVRAM 104 by the storage control unit 120, and held by
the NVRAM 104 until the next value is calculated. The mag-
nification correcting unit 130 determines whether or not a
difference between the value of —0.1353 calculated by the
expansion/contraction ratio calculation unit 110 and the value
of -0.1424 that has been held by the NVRAM 104 until the
value of -0.1353 is calculated is within the predetermined
range. In this case, the difference is +0.0071, which is within
the predetermined range of +0.05, so that the magnification
correcting unit 130 uses the value of —0.1353 calculated by
the expansion/contraction ratio calculation unit 110 to correct
the magnification in the main scanning direction of the image
to be printed on the second surface of the printing medium.

Next, when the individual ratio of expansion or contraction
in the main scanning direction of the sixth printing medium is
obtained, the expansion/contraction ratio calculation unit 110
calculates an average value of the individual ratios of expan-
sion or contraction of the third to sixth printing media as the
value of the ratio of expansion or contraction in the main
scanning direction of the printing medium at this point. In this
case, a value of —0.1329 is calculated. This value is stored in
the NVRAM 104 by the storage control unit 120, and held by
the NVRAM 104 until the next value is calculated. The mag-
nification correcting unit 130 determines whether or not a
difference between the value of —0.1329 calculated by the
expansion/contraction ratio calculation unit 110 and the value
of -0.1353 that has been held by the NVRAM 104 until the
value of -0.1329 is calculated is within the predetermined
range. In this case, the difference is +0.0024, which is within
the predetermined range of +0.05, so that the magnification
correcting unit 130 uses the value of —0.1329 calculated by
the expansion/contraction ratio calculation unit 110 to correct
the magnification in the main scanning direction of the image
to be printed on the second surface of the printing medium.

Next, when the individual ratio of expansion or contraction
in the main scanning direction of the seventh printing medium
is obtained, the expansion/contraction ratio calculation unit
110 calculates an average value of the individual ratios of
expansion or contraction of the fourth to seventh printing
media as the value of the ratio of expansion or contraction in
the main scanning direction of the printing medium at this
point. In this case, a value of -0.1353 is calculated. This value
is stored in the NVRAM 104 by the storage control unit 120,
and held by the NVRAM 104 until the next value is calcu-
lated. The magnification correcting unit 130 determines
whether or not a difference between the value of -0.1353
calculated by the expansion/contraction ratio calculation unit
110 and the value of -0.1329 that has been held by the
NVRAM 104 until the value of —0.1353 is calculated is within
the predetermined range. In this case, the difference is
-0.0024, which is within the predetermined range of +0.05,
so that the magnification correcting unit 130 uses the value of
-0.1353 calculated by the expansion/contraction ratio calcu-
lation unit 110 to correct the magnification in the main scan-
ning direction of the image to be printed on the second surface
of the printing medium.
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Thereafter, every time the individual ratio of expansion or
contraction in the main scanning direction is obtained for
each of subsequent printing media, the same processing will
be repeated.

In the above description, the magnification correction is
not performed until the moving average of individual ratios of
expansion or contraction of a predetermined number of (for
example, four) printing media is calculated. Alternatively, the
magnification correction may be performed using the value of
the individual ratio of expansion or contraction until the mov-
ing average of individual ratios of expansion or contraction of
the predetermined number of printing media is calculated.

For example, in the example illustrated in FIG. 6, when the
individual ratio of expansion or contraction in the sub-scan-
ning direction of the first printing medium is calculated to be
-0.0962, the magnification correcting unit 130 determines
whether or not a difference between the value of —0.0962 as
the individual ratio of expansion or contraction and the value
ot 0 that has been held by the NVRAM 104 until the value of
-0.0962 is calculated is within the predetermined range. In
this case, the difference is —0.0962, which exceeds the pre-
determined range of £0.05, so that the magnification correct-
ing unit 130 uses a half value of the value of -0.0962 as the
individual ratio of expansion or contraction, that is, a value of
-0.0481, to correct the magnification in the sub-scanning
direction of the image to be printed on the second surface of
the printing medium. The value of —0.0962 as the individual
ratio of expansion or contraction at this point is stored in the
NVRAM 104 by the storage control unit 120.

Next, when the individual ratio of expansion or contraction
in the sub-scanning direction of the second printing medium
is calculated to be —0.1634, the magnification correcting unit
130 determines whether or not a difference between the value
0t —=0.1634 as the individual ratio of expansion or contraction
and the value of —0.0962 that has been held by the NVRAM
104 until the value of —-0.1634 is calculated is within the
predetermined range. In this case, the difference is —0.0672,
which exceeds the predetermined range of +0.05, so that the
magnification correcting unit 130 uses a half value of the
value of —0.1634 as the individual ratio of expansion or con-
traction, that is, a value of -0.0817, to correct the magnifica-
tion in the sub-scanning direction of the image to be printed
on the second surface of the printing medium. The value of
-0.1634 as the individual ratio of expansion or contraction at
this point is stored in the NVRAM 104 by the storage control
unit 120.

Next, when the individual ratio of expansion or contraction
in the sub-scanning direction of the third printing medium is
calculated to be -0.1250, the magnification correcting unit
130 determines whether or not a difference between the value
01’ =0.1250 as the individual ratio of expansion or contraction
and the value of —0.1634 that has been held by the NVRAM
104 until the value of —-0.1250 is calculated is within the
predetermined range. In this case, the difference is +0.0384,
which is within the predetermined range of £0.05, so that the
magnification correcting unit 130 uses the value of -0.1250
as the individual ratio of expansion or contraction to correct
the magnification in the sub-scanning direction of the image
to be printed on the second surface of the printing medium.
The value of -0.1250 as the individual ratio of expansion or
contraction at this point is stored in the NVRAM 104 by the
storage control unit 120.

Next, when the individual ratio of expansion or contraction
in the sub-scanning direction of the fourth printing medium is
obtained, similarly to the example described above, the aver-
age value of the individual ratios of expansion or contraction
of the first to the fourth printing media is calculated to be
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-0.1214. The magnification correcting unit 130 then deter-
mines whether or not a difference between the value of
-0.1214 and the value of —0.1250 that has been held by the
NVRAM 104 until the value of —0.1214 is calculated is within
the predetermined range. In this case, the difference is
+0.0036, which is within the predetermined range of +0.05,
so that the magnification correcting unit 130 uses the average
value of -0.1214 to correct the magnification in the sub-
scanning direction of the image to be printed on the second
surface of the printing medium. The value of —0.1214 calcu-
lated at this point is stored in the NVRAM 104 by the storage
control unit 120. Subsequently, the same processing as
described above will be performed.

In the example illustrated in FIG. 7, when the individual
ratio of expansion or contraction in the main scanning direc-
tion of the first printing medium is calculated to be —0.1518,
the magnification correcting unit 130 determines whether or
not a difference between the value of -0.1518 as the indi-
vidual ratio of expansion or contraction and the value of 0 that
has been held by the NVRAM 104 until the value of -0.1518
is calculated is within the predetermined range. In this case,
the difference is —=0.1518, which exceeds the predetermined
range of £0.05, so that the magnification correcting unit 130
uses a half value of the value of —0.1518 as the individual ratio
of expansion or contraction, that is, a value of -0.0759, to
correct the magnification in the main scanning direction of
the image to be printed on the second surface of the printing
medium. The value of —-0.1518 as the individual ratio of
expansion or contraction at this point is stored inthe NVRAM
104 by the storage control unit 120.

Next, when the individual ratio of expansion or contraction
in the main scanning direction of the second printing medium
is calculated to be —=0.1519, the magnification correcting unit
130 determines whether or not a difference between the value
0f'-0.1519 as the individual ratio of expansion or contraction
and the value of —=0.1518 that has been held by the NVRAM
104 until the value of —-0.1519 is calculated is within the
predetermined range. In this case, the difference is —0.0001,
which is within the predetermined range of £0.05, so that the
magnification correcting unit 130 uses the value of -0.1519
as the individual ratio of expansion or contraction to correct
the magnification in the main scanning direction of the image
to be printed on the second surface of the printing medium.
The value of —=0.1519 as the individual ratio of expansion or
contraction at this point is stored in the NVRAM 104 by the
storage control unit 120.

Next, when the individual ratio of expansion or contraction
in the main scanning direction of the third printing medium is
calculated to be -0.1140, the magnification correcting unit
130 determines whether or not a difference between the value
01’ -0.1140 as the individual ratio of expansion or contraction
and the value of —=0.1519 that has been held by the NVRAM
104 until the value of —-0.1140 is calculated is within the
predetermined range. In this case, the difference is +0.0379,
which is within the predetermined range of £0.05, so that the
magnification correcting unit 130 uses the value of -0.1140
as the individual ratio of expansion or contraction to correct
the magnification in the main scanning direction of the image
to be printed on the second surface of the printing medium.
The value of -0.1140 as the individual ratio of expansion or
contraction at this point is stored in the NVRAM 104 by the
storage control unit 120.

Next, when the individual ratio of expansion or contraction
in the main scanning direction of the fourth printing medium
is obtained, similarly to the example described above, the
average value of the individual ratios of expansion or con-
traction of the first to the fourth printing media is calculated to
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be —0.1424. The magnification correcting unit 130 then deter-
mines whether or not a difference between the value of
-0.1424 and the value of —0.1140 that has been held by the
NVRAM 104 until the value of —0.1424 is calculated is within
the predetermined range. In this case, the difference is
-0.0284, which is within the predetermined range of +0.05,
so that the magnification correcting unit 130 uses the average
value of —-0.1424 to correct the magnification in the main
scanning direction of the image to be printed on the second
surface of the printing medium. The value of -0.1424 calcu-
lated at this point is stored in the NVRAM 104 by the storage
control unit 120. Subsequently, the same processing as
described above will be performed.

With such a configuration of calculating the average value
(moving average) of the individual ratios of expansion or
contraction of a predetermined number of printing media as
the value of the ratio of expansion or contraction of the
printing medium, influence of temporary erroneous detection
of'the size ofthe printing medium can be prevented. However,
with a configuration in which the magnification correction is
not performed until the moving average is calculated, a time
during which the magnification correction cannot be per-
formed is disadvantageously prolonged. In contrast, with a
configuration in which the magnification correction is per-
formed by using the individual ratio of expansion or contrac-
tion until the moving average is calculated, such a disadvan-
tage can be effectively avoided.

Next, with reference to FIG. 8, the following describes a
procedure of processing related to the magnification correc-
tion according to the first embodiment. FIG. 8 is a flowchart
illustrating an example of a processing procedure related to
the magnification correction. The flowchart of FIG. 8 illus-
trates a processing procedure performed for each printing
medium conveyed along the conveyance path 9. When a
plurality of printing media are successively conveyed, pieces
of processing corresponding to respective printing media are
performed in parallel. Hereinafter, the following describes
processing for the sub-scanning direction of the printing
medium and processing for the main scanning direction
thereof without discriminating one from another.

First, based on the information fetched from each of the
medium sensor 21, the encoder 22, and the CIS 23, the size of
the first surface is detected at the time of printing the first
surface of the printing medium (Step S101), and the size of
the second surface is then detected at the time of printing the
second surface of the printing medium (Step S102).

Next, the expansion/contraction ratio calculation unit 110
calculates the individual ratio of expansion or contraction of
the printing medium based on the size of the first surface
detected at Step S101 and the size of the second surface
detected at Step S102 (Step S103).

The expansion/contraction ratio calculation unit 110 then
determines whether or not the individual ratios of expansion
or contraction of a predetermined number of (for example,
four) printing media are calculated (Step S104). If the indi-
vidual ratios of expansion or contraction of the predetermined
number of printing media are not calculated (No at Step
S104), the moving average of the predetermined number of
printing media cannot be calculated, so that the processing is
ended as it is. On the other hand, if the individual ratios of
expansion or contraction of the predetermined number of
printing media are calculated (Yes at Step S104), the expan-
sion/contraction ratio calculation unit 110 calculates an aver-
age value (moving average) of the individual ratios of expan-
sion or contraction of the predetermined number of printing
media as a value of the ratio of expansion or contraction at that
point (Step S105).
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Subsequently, the magnification correcting unit 130 reads
out the value of the ratio of expansion or contraction held by
the NVRAM 104 (Step S106). The magnification correcting
unit 130 then calculates a difference between the value of the
ratio of expansion or contraction calculated at Step S105 and
the value of the ratio of expansion or contraction read out
from the NVRAM 104 at Step S106 (Step S107).

The magnification correcting unit 130 then determines
whether or not the difference calculated at Step S107 is within
a predetermined range (for example, £0.05) (Step S108). If
the difference is within the predetermined range (Yes at Step
S108), the magnification correcting unit 130 uses the value of
the ratio of expansion or contraction calculated at Step S105
to correct the magnification of the image to be printed on the
second surface of the printing medium (Step S109). On the
other hand, if the difference exceeds the predetermined range
(No at Step S108), the magnification correcting unit 130 uses
a half value of the value of the ratio of expansion or contrac-
tion calculated at Step S105 to correct the magnification of the
image to be printed on the second surface of the printing
medium (Step S110).

Thereafter, the storage control unit 120 stores the value of
the ratio of expansion or contraction calculated at Step S105
in the NVRAM 104 (Step S111), and a series of processing is
ended.

As described above with specific examples, in the first
embodiment, even when the difference between the newly
calculated value of the ratio of expansion or contraction and
the value that has been held by the NVRAM 104 until the new
value is calculated exceeds the predetermined range, the
NVRAM 104 is caused to hold the newly calculated value of
the ratio of expansion or contraction. When the difference is
within the predetermined range, the newly calculated value of
the ratio of expansion or contraction is used to correct the
magnification of the image to be printed on the second sur-
face. When the difference exceeds the predetermined range, a
value closer to 0 than the newly calculated value of the ratio of
expansion or contraction (for example, a half value thereof) is
used to correct the magnification of the image to be printed on
the second surface. Accordingly, in the first embodiment, the
magnification of the image to be printed on the second surface
of the printing medium can be appropriately corrected with-
out setting the initial value in the NVRAM 104 in advance.
Additionally, when the difference exceeds the predetermined
range, the magnification is corrected by using a value closer to
0 than the newly calculated value of the ratio of expansion or
contraction (for example, a half value thereof), so that the size
of the image the magnification of which is corrected gradu-
ally comes close to a target size, which effectively prevents
the problem that variation in image size is noticeable among
the printing media that are successively printed.

As described above, the functional components of the
image forming apparatus 1 illustrated in FIG. 5 can be made
when the CPU 101 (processor) executes a predetermined
computer program, for example. In this case, the computer
program can be embedded and provided in the ROM 103, for
example. The computer program may be recorded and pro-
vided in a non-transitory computer-readable recording
medium such as a CD-ROM, a flexible disk (FD), a CD-R,
and a digital versatile disc (DVD) as a file that can be installed
in the image forming apparatus 1 or executed by the image
forming apparatus 1.

The computer program may be stored in a computer con-
nected to a network such as the Internet and provided by being
downloaded by the image forming apparatus 1 via the net-
work. The computer program may be provided or distributed
via a network such as the Internet.
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The computer program has a module configuration includ-
ing the expansion/contraction ratio calculation unit 110, the
storage control unit 120, and the magnification correcting unit
130. As actual hardware, for example, the CPU 101 (proces-
sor) utilizes the RAM 102 as a main memory, a work area, and
the like, and reads out the computer program from the ROM
103 and the like to be executed. Accordingly, the components
described above are loaded onto the RAM 102 to be generated
thereon.

Part or all of the components (the expansion/contraction
ratio calculation unit 110, the storage control unit 120, and the
magnification correcting unit 130) can be made using dedi-
cated hardware such as an application specific integrated
circuit (ASIC) and a field-programmable gate array (FPGA).

The first embodiment can be interpreted as follows. That is,
the image forming apparatus 1 according to the first embodi-
ment is an image forming apparatus that performs double-
side printing, and includes the expansion/contraction ratio
calculation unit 110, the storage control unit 120, and the
magnification correcting unit 130. The expansion/contraction
ratio calculation unit 110 calculates the value of the ratio of
expansion or contraction of the printing medium at the time of
printing the second surface as compared with the time of
printing the first surface. The storage control unit 120 causes
the NVRAM 104 to hold the calculated value of the ratio of
expansion or contraction while updating the value every time
a new value is calculated. The magnification correcting unit
130 corrects the magnification of the image to be printed on
the second surface using the newly calculated value of the
ratio of expansion or contraction when the difference between
the newly calculated value of the ratio of expansion or con-
traction and the value that has been held by the NVRAM 104
until the new value is calculated is within the predetermined
range, and corrects the magnification of the image to be
printed on the second surface using a value closer to 0 than the
newly calculated value of the ratio of expansion or contrac-
tion when the difference exceeds the predetermined range.

In the image forming apparatus 1 according to the first
embodiment, when the difference exceeds the predetermined
range, the magnification correcting unit 130 corrects the mag-
nification of the image to be printed on the second surface
using a half value of'the newly calculated value of the ratio of
expansion or contraction.

In the image forming apparatus 1 according to the first
embodiment, the expansion/contraction ratio calculation unit
110 calculates an average value of ratios of expansion or
contraction of a plurality of printing media that are succes-
sively conveyed as the value of the ratio of expansion or
contraction.

Second Embodiment

Subsequently, the following describes a second embodi-
ment of the present invention. In the second embodiment,
when the difference between the newly calculated value of the
ratio of expansion or contraction and the value that has been
held by the NVRAM 104 until the new value is calculated
exceeds the predetermined range, the magnification correct-
ing unit 130 (hereinafter, referred to as a “magnification cor-
recting unit 130 in distinction from the first embodiment)
sets the number of times of correction corresponding to mag-
nitude of the difference, and repeatedly performs the magni-
fication correction by the set number of times of correction
using a value that equally comes close to the difference value
every time the magnification correction is performed by the
set number of times of correction. The basic configuration of
the image forming apparatus 1 is the same as that in the first

10

15

20

25

30

35

40

45

50

55

60

65

18

embodiment. Hereinafter, the same components as those in
the first embodiment are denoted by the same reference
numerals, and redundant description will not be repeated.
Only characteristic parts of the second embodiment will be
described.

FIG. 9is a flowchart illustrating an example of a processing
procedure related to the magnification correction. In the flow-
chart of FIG. 9, processing at Steps S201 through S209 and
Step S213 is the same as processing at Steps S101 through
S109 and Step S111 illustrated in FIG. 8, so that the descrip-
tion thereof will not be repeated.

If the difference exceeds the predetermined range as a
result of determination at Step S208 (No at Step S208), the
magnification correcting unit 130" according to the second
embodiment sets the number of times of correction corre-
sponding to magnitude of the difference (Step S210). The
number of times of correction is obtained, for example, by
dividing a value corresponding to the difference by a prede-
termined value. Specifically, for example, when the differ-
ence value is -0.1 and the predetermined value is -0.03, the
number of times of correction becomes 3. As the predeter-
mined value, a value closer to 0 than the value defining the
predetermined range (—0.05 in the above example) is set in
advance.

Next, the magnification correcting unit 130' performs mag-
nification correction by the number of times of correction set
at Step S210. At this time, the magnification correcting unit
130" performs each process of magnification correction by
using a value obtained by multiplying the predetermined
value by the number of times (Step S211). For example, when
the difference value is —0.1, the predetermined value is -0.03,
and the number of times of correction is set to be 3, the
magnification correcting unit 130" performs magnification
correction using a value of -0.03 obtained by multiplying the
predetermined value by 1 at the first time of correction, per-
forms magnification correction using a value of -0.06
obtained by multiplying the predetermined value by 2 at the
second time of correction, and performs magnification cor-
rection using a value of -0.09 obtained by multiplying the
predetermined value by 3 at the third time of correction. In
this way, the magnification correcting unit 130" repeatedly
performs magnification correction by the number of times of
correction set at Step S210 using the value that equally comes
close to the difference value every time each process of mag-
nification correction is performed.

While the above processing is performed, the magnifica-
tion correcting unit 130" determines whether or not the num-
ber of times by which the magnification correction is per-
formed reaches the number of times of correction set at Step
S210 (Step S212). If the number of times of correction is not
reached (No at Step S212), the process returns to Step S211
and the magnification correction is performed until the num-
ber of times of correction is reached. If the number of times of
correction is then reached (Yes at Step S212), the storage
control unit 120 stores the value of the ratio of expansion or
contraction calculated at Step S205 in the NVRAM 104 (Step
S213), and a series of processing is ended. The timing when
the value of'the ratio of expansion or contraction calculated at
Step S205 is stored in the NVRAM 104 may be before the
magnification correcting unit 130" performs magnification
correction by the number of times of correction.

In the second embodiment, even when a value of the ratio
of expansion or contraction is newly calculated based on a
size detection result of a subsequent printing medium while
the magnification correcting unit 130' performs magnifica-
tion correction by the number of times of correction, the
newly calculated value of the ratio of expansion or contrac-
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tion is not used to perform magnification correction. The
expansion/contraction ratio calculation unit 110 may be
caused not to perform the processing of newly calculating the
value of the ratio of expansion or contraction while the mag-
nification correcting unit 130' performs magnification correc-
tion by the number of times of correction.

As described above, in the second embodiment, when the
difference between the newly calculated value of the ratio of
expansion or contraction and the value that has been held by
the NVRAM 104 until the new value is calculated exceeds the
predetermined range, magnification correction is performed
by the number of times of correction corresponding to the
difference using the value that equally comes close to the
difference value every time the correction is performed.
Accordingly, in the second embodiment, the size of the image
the magnification of which is corrected can come close to a
target size more smoothly, which further effectively prevents
the problem that variation in image size is noticeable among
the printing media that are successively printed.

The second embodiment can be interpreted as follows.
That is, in the image forming apparatus 1 according to the
second embodiment, the magnification correcting unit 130"
sets the number of times of correction corresponding to mag-
nitude of the difference when the difference exceeds the pre-
determined range, and repeatedly performs magnification
correction by the set number of times of correction using the
value that equally comes close to the difference value every
time the magnification correction is performed by the set
number of times of correction.

Third Embodiment

Subsequently, the following describes a third embodiment
of'the present invention. In the third embodiment, the storage
control unit 120 (hereinafter, referred to as a “storage control
unit 120 in distinction from the first embodiment) causes the
NVRAM 104 to hold the value of the ratio of expansion or
contraction calculated by the expansion/contraction ratio cal-
culation unit 110 for each of a plurality of trays of the sheet
feeding table 8 (refer to FIG. 1), and the magnification cor-
recting unit 130 (hereinafter, referred to as a “magnification
correcting unit 130"” in distinction from the first embodiment
and the second embodiment) reads out, from the NVRAM
104, the value of the ratio of expansion or contraction corre-
sponding to a tray storing a printing medium that is being
conveyed to calculate a difference. In the third embodiment,
when any of the trays is opened, the storage control unit 120'
deletes (resets) a value corresponding to the opened tray from
among the values held by the NVRAM 104. The basic con-
figuration of the image forming apparatus 1 is the same as that
in the first embodiment. Hereinafter, the same components as
those in the first embodiment are denoted by the same refer-
ence numerals, and redundant description will not be
repeated. Only characteristic parts of the third embodiment
will be described.

FIG. 10 is a diagram for explaining processing in the stor-
age control unit 120' and the magnification correcting unit
130" according to the third embodiment. When the image
forming apparatus 1 includes N trays that store the printing
media, as illustrated in FIG. 10, storage areas corresponding
to respective N trays are secured in the NVRAM 104.

The storage control unit 120" according to the third
embodiment determines a tray in which the printing medium
that is being conveyed is stored from among the N trays based
on information about a tray to be used that is designated
corresponding to a print job, for example. When the ratio of
expansion or contraction is newly calculated by the expan-
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sion/contraction ratio calculation unit 110, the storage control
unit 120" writes the newly calculated value of the ratio of
expansion or contraction into the storage area of the NVRAM
104 corresponding to the tray in which the printing medium
that is being conveyed is stored, and updates the value in the
storage area.

Similarly, the magnification correcting unit 130" according
to the third embodiment determines the tray in which the
printing medium that is being conveyed is stored based on the
information about the tray to be used that is designated cor-
responding to a print job, for example. When the value of the
ratio of expansion or contraction is newly calculated by the
expansion/contraction ratio calculation unit 110, the magni-
fication correcting unit 130" reads out a value before being
updated with the newly calculated value of the ratio of expan-
sion or contraction from the storage area of the NVRAM 104
corresponding to the tray in which the printing medium that is
being conveyed is stored, and calculates a difference between
the newly calculated value and the value before being
updated. Accordingly, even when different types of printing
media are stored in a plurality of trays, processing of magni-
fication correction can be appropriately performed corre-
sponding to a printing medium that is being conveyed, and the
appropriate processing of magnification correction can be
continuously performed even when the tray to be used is
changed.

When detecting that any of the trays is opened based on
information from a mechanism of detecting opening/closing
of the tray (not illustrated), for example, the storage control
unit 120" according to the third embodiment deletes the value
held in a storage area corresponding to the opened tray from
among the values held by the NVRAM 104. That is, the
storage control unit 120’ resets, to 0, the value corresponding
to the opened tray among the values held by the NVRAM 104.
This is because a printing medium to be newly set in the
opened tray may be a different type from the printing medium
that has been set before the tray is opened. In this way, even
when a printing medium of different type is to be set in the
opened tray, appropriate processing of magnification correc-
tion corresponding to the printing medium can be performed
by deleting (resetting to 0) the value corresponding to the
opened tray from among the values held by the NVRAM 104.

The third embodiment can be interpreted as follows. That
is, the image forming apparatus 1 according to the third
embodiment includes a plurality of trays storing printing
media, the storage control unit 120' causes the NVRAM 104
to hold the calculated value of the ratio of expansion or
contraction for each of the trays, and the magnification cor-
recting unit 130" reads out, from the NVRAM 104, the value
corresponding to the tray storing the printing medium that is
being conveyed to calculate the difference.

In the image forming apparatus 1 according to the third
embodiment, when any of the trays is opened, the storage
control unit 120" deletes the value corresponding to the
opened tray from among the values held by the NVRAM 104.

Inthe above embodiments, for example, the image forming
apparatus 1 that performs printing using the electrophoto-
graphic system is exemplified as an example of an image
forming apparatus to which the present invention is applied.
The present invention can also be effectively applied to
another type of image forming apparatus such as an image
forming apparatus that performs printing using an inkjet sys-
tem. In a case of the image forming apparatus using the inkjet
system, the printing medium may be contracted or expanded
due to an effect of ink adhering to the first surface of the
printing medium. The present invention is effective in per-
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forming magnification correction corresponding to such con-
traction or expansion of the printing medium.

In the above embodiments, the image forming apparatus 1
configured as a single apparatus is exemplified. For example,
the present invention can also be effectively applied to an
image forming apparatus (image forming system) configured
by connecting a plurality of units such as a sheet feeding unit,
a main body unit, and a postprocessing unit.

According to the embodiments of the present invention,
magnification can be appropriately corrected corresponding
to expansion or contraction of the printing medium without
setting the initial value of the ratio of expansion or contraction
corresponding to the type of the printing medium in the stor-
age unit.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. An image forming apparatus that performs double-side
printing, the image forming apparatus comprising:

an expansion/contraction ratio calculation unit that calcu-

lates a value of a ratio of expansion or contraction of a
printing medium at a time of printing a second surface as
compared with that at a time of printing a first surface;

a storage control unit that causes a storage unit to hold the

calculated value of the ratio of expansion or contraction
while updating the value every time a new value is cal-
culated; and

a magnification correcting unit that obtains a difference

between a newly calculated value of the ratio of expan-
sion or contraction and a value that has been held b the
storage unit until the new value is calculated, and deter-
mines whether or not the difference is within a predeter-
mined range, corrects magnification of an image to be
printed on the second surface using the newly calculated
value of the ratio of expansion or contraction when the
difference is within the predetermined range, and cor-
rects the magnification of the image to be printed on the
second surface using a different value than the newly
calculated value of the ratio of expansion or contraction
when the difference exceeds the predetermined range.

2. The image forming apparatus according to claim 1,
wherein the magnification correcting unit corrects the mag-
nification of the image to be printed on the second surface
using a half value of'the newly calculated value of the ratio of
expansion or contraction when the difference exceeds the
predetermined range.

3. The image forming apparatus according to claim 1,
wherein the magnification correcting unit sets a number of
times of correction corresponding to magnitude of the differ-
ence when the difference exceeds the predetermined range,
and repeatedly performs magnification correction by the set
number of times of correction using a value that equally
comes close to the difference value every time the magnifi-
cation correction is performed by the set number of times of
correction.

4. The image forming apparatus according to claim 1,
wherein the expansion/contraction ratio calculation unit cal-
culates, as the value of the ratio of expansion or contraction,
an average value of ratios of expansion or contraction of a
plurality of printing media that are successively conveyed.

5. The image forming apparatus according to claim 1,
further comprising:

a plurality of trays that store printing media, wherein
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the storage control unit causes the storage unit to hold the
calculated value of the ratio of expansion or contraction
for each of the trays, and
the magnification correcting unit reads out, from the stor-
5 age unit, a value corresponding to a tray that stores a
printing medium that is being conveyed to calculate the
difference.

6. The image forming apparatus according to claim 5,
wherein, when any of the trays is opened, the storage control
unit deletes a value corresponding to the opened tray from
among values held by the storage unit.

7. A method of correcting image magnification performed
by an image forming apparatus that performs double-side
printing, the method comprising:

calculating, by an expansion/contraction ratio calculation
unit, a value of a ratio of expansion or contraction of a
printing medium at a time of printing a second surface of
the printing medium as compared with that at a time of
printing a first surface of the printing medium;

causing, by a storage control unit, a storage unit to hold the
calculated value of the ratio of expansion or contraction
while updating the value every time a new value is cal-
culated;

obtaining, by a magnification correcting unit, a difference
between a newly calculated value of the ratio of expan-
sion or contraction and a value that has been held by the
storage unit until the new value is calculated, and deter-
mines whether or not the difference is within a predeter-
mined range; and

correcting, by a magnification correcting unit, magnifica-
tion of an image to be printed on the second surface
using the newly calculated value of the ratio of expan-
sion or contraction when the difference is within the
predetermined range, and correcting the magnification
of the image to be printed on the second surface using a
different value than the newly calculated value of the
ratio of expansion or contraction when the difference
exceeds the predetermined range.

8. A non-transitory computer-readable recording medium
that contains a computer program for causing an image form-
ing apparatus that performs double-side printing to imple-
ment:

a function of an expansion/contraction ratio calculation
unit that calculates a value of a ratio of expansion or
contraction of a printing medium at a time of printing a
second surface as compared with that at a time of print-
ing a first surface;

afunction of a storage control unit that causes a storage unit
to hold the calculated value of the ratio of expansion or
contraction while updating the value every time a new
value is calculated; and

a function of a magnification correcting unit that obtains a
difference between a newly calculated value of the ratio
of expansion or contraction and a value that has been
held by the storage unit until the new value is calculated,
and determines whether or not the difference is within a
predetermined range, corrects magnification of an
image to be printed on the second surface using the
newly calculated value of the ratio of expansion or con-
traction when the difference is within the predetermined
range, and corrects the magnification of the image to be
printed on the second surface using a different value than
the newly calculated value of the ratio of expansion or
contraction when the difference exceeds the predeter-
mined range.
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